We demonstrate Anderson localization of visible light in silicon nitride photonic crystal waveguides. We measure photoluminescence resonances due to disorder-induced light localization showing quality factors of ≈ 10000 that exceed engineered 2D photonic crystal cavities.
Introduction
Confining light in optical cavities is of tremendous interest for a variety of applications, spanning from the investigation of fundamental light-matter interactions to applications in sensing, imaging and quantum information technology [1] . The development of efficient optical cavities operating at visible wavelengths is particularly important for the study of cavity quantum electrodynamics effects with defect centers in diamond and to control and boost the emission dynamics of organic molecules and colloidal quantum dots.
Engineered two-dimensional photonic crystal cavities in silicon nitride, however, have shown quality factors limited to values of the order of 1000 [2, 3] . Such low confinement efficiencies, compared to longer wavelength devices, can mostly be attributed to losses due to fabrication imperfections that are difficult to avoid when dealing with the small features required to trap visible light on a nanophotonic chip.
We use a different approach which makes use of fabrication imperfections to trap light via multiple scattering and we give the first demonstration of Anderson localization of visible light on a nanophotonic chip. By using the intrinsic photoluminescence of silicon nitride, we observe sharp resonances, a signature of the trapping of light in optical cavities, and measure quality factors approaching 10000 [4] . Such values exceed those reported for engineered 2D photonic crystal cavities operating at visible wavelengths.
Discussion of the results
We carry out micro-photoluminescence measurements of silicon nitride photonic crystal waveguides in which disorder is introduced by perturbing, with respect to the perfectly periodic structure, the position of the air holes next to the waveguide channel (see Fig.1 ). The sample is excited by a 407 nm continuous-wave laser and the photoluminescence signal, due to the intrinsic silicon nitride luminescence, is collected in confocal geometry and spectrally analyzed with a grating spectrometer, equipped with a silicon charge-coupled device (see Fig.1 ). Disorder is introduced in the system by displacing the positions of the three rows of air holes neighboring the waveguide channel by an amount obtained from a Gaussian distribution with a varying standard deviation, expressed as percentage of the photonic crystal lattice parameter.
We observe sharp spectral resonances in the photoluminescence spectra that are the signature of light confinement. When moving the excitation/collection spot along the waveguides, we observe a distribution of confined wavelengths and quality factors. We study the dependence of the quality factor of the resonances as a function of an increasing amount of disorder and observe a decrease in the measured quality factors (see Fig.2a ). This trend can be explained by an increase of the out-of-plane scattering that results in greater losses when more disorder is present. For the lowest degrees of disorder, including samples where no intentional disorder is introduced, we measure quality factors exceeding 5000 and reaching a record value of 9200 (see Fig.2b ), for 0% disorder, i.e. when unavoidable fabrication imperfections such as variations in the position and circularity of the air holes and in the verticality of the sidewalls are responsible for light confinement.
Our results prove that using disorder as a resource can provide quality in the light confinement exceeding that of engineered photonic crystal cavities. . From the ratio between the central wavelength and the full width half maximum of the resonance, we obtain a value of the quality factor of 9200.
Conclusions
We have fabricated disordered photonic crystal waveguides in silicon nitride and demonstrated, for the first time, Anderson localization of light at visible wavelengths on a nanophotonic chip. By means of photoluminescence spectroscopy, we observe disorder-induced optical cavities along the waveguides and measure record quality factors of the light confinement, approaching 10000.
Our results represent a new platform for enhanced light-matter interaction in the visible range of wavelengths and open the path to cavity quantum electrodynamics experiments with solid-state emitters such as defect centers in diamond, organic molecules and colloidal quantum dots.
